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(57) ABSTRACT 

A method of monitoring an entity Within a process plant 
Wherein the entity includes a plurality of loWer level entities, 
includes acquiring a plurality of use indices, acquiring a 
plurality of Weighting values, and creating an aggregate use 
index from a combination of the loWer level use indices and 
Weighting values, Wherein the aggregate use index repre 
sents status information regarding the entity. Each use index 
pertains to status information regarding one of the plurality 
of loWer level entities, and each Weighting value pertains to 
the importance of a loWer level entity among the plurality of 
loWer level entities. 
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Loop Name Index Weight 
PIC-101 88 3 
TIC-111 89 .- 3 

LlC-111 88 3 

PIC-1 11 6D 3 
PIC-112 8'0 1 
TCI-222 87 1 

FIG-101 88 3 

TIC-111 89 3 
LlC-111 8B 3 

PIC-111 60 3 

PIC-112 B0 1 
TIC-222 87 _ 1 

PIC-111 87 1 

FIG. 5 
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FCCU Health: q 5'. 8 

Device Name Index Description Weight 
FV-111 100 Leaking 3 
11-1 11 9B Sticktion 3 

U411 90 40 3 

M0401 95 Will burn up in 2 weeks 3 

W41‘: 96 0 1 

FIG. (0 
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FCCU Variability: 81-1 

Weight Index 

40 

15 

Device Name 
F'V-101 
T1-11 1 

u-m 

FV-111 
FV-112 

'n-222 
FI-101 

Tl-111 
Ll-1 1 1 

FI-111 
Fl-112 
Tl-222 

Sub unit: Reboiler R8101 

FIG. 7 
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AGGREGATION OF ASSET USE INDICES WITHIN 
A PROCESS PLANT 

FIELD OF TECHNOLOGY 

[0001] The present invention relates generally to process 
control systems Within process plants and, more particularly, 
to the index aggregation to determine indices at varying 
levels of hierarchy Within and among process plants. 

DESCRIPTION OF THE RELATED ART 

[0002] Process control systems, like those used in chemi 
cal, petroleum or other processes, typically include one or 
more centraliZed or decentraliZed process controllers com 

municatively coupled to at least one host or operator Work 
station and to one or more process control and instrumen 

tation devices, such as ?eld devices, via analog, digital or 
combined analog/digital buses. Field devices, Which may be, 
for example valves, valve positioners, sWitches, transmit 
ters, and sensors (e.g., temperature, pressure and How rate 
sensors), perform functions Within the process such as 
opening or closing valves and measuring process param 
eters. The process controller receives signals indicative of 
process measurements or process variables made by or 
associated With the ?eld devices and/or other information 
pertaining to the ?eld devices, uses this information to 
implement a control routine and then generates control 
signals Which are sent over one or more of the buses to the 

?eld devices to control the operation of the process. Infor 
mation from the ?eld devices and the controller is typically 
made available to one or more applications executed by an 
operator Workstation to enable an operator to perform 
desired functions With respect to the process, such as vieW 
ing the current state of the process, modifying the operation 
of the process, etc. 

[0003] While a typical process control system has many 
process control and instrumentation devices, such as valves, 
transmitters, sensors, etc. connected to one or more process 
controllers Which execute softWare that controls these 
devices during the operation of the process, there are many 
other supporting devices Which are also necessary for or 
related to process operation. These additional devices 
include, for example, poWer supply equipment, poWer gen 
eration and distribution equipment, rotating equipment such 
as turbines, etc., Which are located at numerous places in a 
typical plant. 
[0004] The various devices Within the process plant may 
be interconnected in physical and/or logical groups to create 
a logical process, such as a control loop. Likewise, a control 
loop may be interconnected With other control loops and/or 
devices to create sub-units. A sub-unit may be intercon 
nected With other sub-units to create a unit, Which in turn, 
may be interconnected With other units to create an area. 
Process plants generally include interconnected areas, and 
business entities generally include process plants Which may 
be interconnected. As a result, a process plant includes 
numerous levels of hierarchy having interconnected assets, 
and a business enterprise may include interconnected pro 
cess plants. In other Words, assets related to a process plant, 
or process plants themselves, may be grouped together to 
form assets at higher levels. 

[0005] In the typical plant or process, different people are 
involved in different functions. For example, functions asso 
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ciated With the process control activities, the device and 
equipment maintenance and monitoring activities, and the 
business activities such as process performance monitoring 
may each have a different interest in various levels of the 
process plant or among process plant. Process control opera 
tors generally oversee the day to day operation of the process 
and are primarily responsible for assuring the quality and 
continuity of the process operation typically affect the 
process by setting and changing set points Within the pro 
cess, tuning loops of the process, scheduling process opera 
tions such as batch operations, etc. As a result, process 
control operators may be primarily interested in the status of 
process loops, sub-unit, units and areas. Of course, this is not 
alWays the case, and process control operators may also be 
interested in the status of devices Which may have an effect 
on the loops, sub-units, unit, areas, etc., for example. 

[0006] On the other hand, maintenance personnel are 
primarily responsible for assuring that the actual equipment 
Within the process is operating ef?ciently and for repairing 
and replacing malfunctioning equipment, use tools such as 
maintenance interfaces, as Well and many other diagnostic 
tools Which provide information about operating states of 
the devices Within the process. As such, maintenance per 
sonnel may be primarily interested the status of devices and 
control loops, though maintenance personnel may further be 
interested in the status of sub-unit, units, etc. 

[0007] Still further, other persons may be responsible for 
business applications, such as ordering parts, supplies, raW 
materials, etc., making strategic business decisions such as 
choosing Which products to manufacture, What variables to 
optimiZe Within the plant, etc. based on process performance 
measures. LikeWise, managers or other persons may Want to 
have access to certain information Within the process plant 
or from other computer systems associated With the process 
plant for use in overseeing the plant operation and in making 
long term strategic decisions. Such persons may primarily 
be interested in status information pertaining to areas Within 
a process plant, the process plant itself and even process 
plants that make up a business enterprise. As a result, a 
process plant may involve several persons interested in the 
status of devices, loops, sub-units, units, areas or the process 
plant at different hierarchical levels. 

[0008] Because, for the most part, different personnel are 
interested in the status of different hierarchical levels Within 
or among process plants, various systems Within a process 
plant monitor and report the status of various devices that are 
connected to the process control systems of the plant, such 
as the relative health, performance, utiliZation, variability of 
the devices. For example, various systems may monitor the 
individual devices Within a process plant. HoWever, beyond 
the device level, the problem With this approach is that there 
are thousands of devices in a typical plant and the status of 
any single device generally cannot be used to determine the 
overall status of the loop, sub-unit, unit, area or process plant 
Where the device is found. 

[0009] Some solutions exist for determining the status of 
devices, loops, sub-units, units, area and/or plants. For 
example, it is currently knoWn to provide an asset utiliZation 
expert that includes an index generation routine to generate 
indices related to the health, performance, utiliZation and 
variability of various plant assets at different levels of 
hierarchy. The creation of such indices is disclosed in 
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Eryurek et al., US. Pat. No. 6,813,532 entitled “Creation 
and Display of Indices Within Process Plant” Which Was 
?led on Feb. 28, 2002 and issued on Nov. 2, 2004, and Which 
is hereby expressly incorporated by reference herein. One 
manner in Which an index could be generated by the index 
generation routine Was to interconnect various models rep 
resenting loops, sub-units, units, areas, etc. Within the pro 
cess plant to produce information regarding the operation of 
each loop, sub-unit, unit, area, etc. and generate an index 
from the data. Another manner in Which an index Was 
generated by the index generation routine Was to create an 
index for each device and create an aggregate index at least 
level in the system hierarchy. The aggregate index could be 
a Weighted average or a Weighted combination of the indices 
of the assets that made up the larger asset. 

[0010] HoWever, Within a typical process plant, some 
assets are considered more important than other assets 
Within a group of assets. For example, some devices are 
considered more critical to the larger loop, sub-unit, unit, 
area, etc. of Which the devices are a part. If such a device 
Were to fail, it Would have more of an impact on the loop, 
sub-unit, unit, area, etc. than if the other devices Were to fail. 
Such a device Would therefore deserve priority over the 
other devices. In turn, the remaining devices may have 
varying degrees of importance Within the loop, sub-unit, unit 
or area. Likewise, some loops are more important than 
others among a group of loops interconnected to form a 
sub-unit, unit, area, etc. Similar situations exist among 
sub-units, units, area and even among plants. The impor 
tance of assets among a group of assets may greatly affect 
the overall status of the group. HoWever, in the past, the 
varying degrees of importance among assets Were not nec 
essarily taken into account When determining the overall 
status of a group of assets. 

SUMMARY 

[0011] A system and method of monitoring an entity 
having a plurality of loWer level entities, is described herein, 
Which accounts for varying degrees of importance among 
the loWer level entities. In one aspect, use indices pertaining 
to status information of the loWer level entities is acquired. 
Further, Weighting values are acquired. Generally, the 
Weighing value pertains to the importance of a loWer level 
entity among the plurality of loWer level, such as the priority 
or criticality of the loWer level entity. The Weighing values 
may be based on the impact and frequency of failure of the 
loWer level entity. The impact and/or frequency of failure 
may, in turn, be based on maintenance information, process 
data, diagnostic data, on-line monitoring data and/or heu 
ristic data. An aggregate use index representing status infor 
mation regarding the entity is creating from a combination 
of the loWer level use indices and Weighting values. The 
aggregate use index may be an aggregate health index 
indicating the health of the entity, an aggregate performance 
index indicating the relative performance of the entity, an 
aggregate variability index indicating an amount of devia 
tion of a parameter of the entity or an aggregate utiliZation 
index indicating a degree of exploitation of the entity. The 
combination of the loWer level use indices and Weighting 
values may be a normalized expression, such that the range 
of values for the use indices is the same among the loWer 
level entities. The combination may involve creating a 
Weighted average of the use indices of the loWer level 
entities. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a block diagram ofa process plant having 
an asset utiliZation expert con?gured to receive and coordi 
nate data transfer betWeen many functional areas of the 
plant; 
[0013] FIG. 2 is a data and information How diagram With 
respect to the index aggregation routine Within the plant of 
FIG. 1; 

[0014] FIG. 3 is an exemplary depiction of a display 
representing a unit Within a process control system that may 
be displayed by a graphical user interface; 

[0015] FIG. 4 is an exemplary table that illustrates one 
manner in Which indices may be generated for different 
levels of a system hierarchy; 

[0016] FIG. 5 is an exemplary chart depicting one manner 
in Which a performance index for a unit may be calculated; 

[0017] FIG. 6 is an exemplary table that illustrates one 
manner in Which index values may be used to calculate a 
neW index value as a Weighted average of the index values; 

[0018] FIG. 7 is an exemplary table that illustrates one 
manner in Which a variability index may be calculated for a 

unit; 
[0019] FIG. 8 is an exemplary graphical display that may 
be provided by a graphical user interface; 

[0020] FIG. 9 is an exemplary depiction of a display that 
may be provided by a graphical user interface to enable a 
user to vieW audit trail information; and 

[0021] FIG. 10 is an exemplary graphical display that may 
be provided by a graphical user interface to enable a user to 
vieW an aggregate index; 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0022] Referring noW to FIG. 1, a process plant 10 
includes a number of business and other computer systems 
interconnected With a number of control and maintenance 
systems by one or more communication netWorks. The 
process plant 10 includes one or more process control 
systems 12 and 14. The process control system 12 may be a 
traditional process control system such as a PROVOX or 
RS3 system or any other DCS Which includes an operator 
interface 12A coupled to a controller 12B and to input/ 
output (I/O) cards 12C Which, in turn, are coupled to various 
?eld devices such as analog and HighWay Addressable 
Remote Transmitter (HART) ?eld devices 15. The process 
control system 14, Which may be a distributed process 
control system, includes one or more operator interfaces 
14A coupled to one or more distributed controllers 14B via 
a bus, such as an Ethernet bus. The controllers 14B may be, 
for example, DeltaVTM controllers sold by Fisher-Rose 
mount Systems, Inc. of Austin, Tex. or any other desired 
type of controllers. The controllers 14B are connected via 
I/O devices to one or more ?eld devices 16, such as for 
example, HART or Fieldbus ?eld devices or any other smart 
or non-smart ?eld devices including, for example, those that 
use any of the PROFIBUS®, WORLDFIP®, Device-Net®, 
AS-Interface and CAN protocols. As is knoWn, the ?eld 
devices 16 may provide analog or digital information to the 
controllers 14B related to process variables as Well as to 
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other device information. The operator interfaces 14A may 
store and execute tools available to the process control 
operator for controlling the operation of the process includ 
ing, for example, control optimizers, diagnostic experts, 
neural netWorks, tuners, etc. 

[0023] Still further, maintenance systems, such as com 
puters executing the AMS application or any other device 
monitoring and communication applications may be con 
nected to the process control systems 12 and 14 or to the 
individual devices therein to perform maintenance and 
monitoring activities. For example, a maintenance computer 
18 may be connected to the controller 12B and/or to the 
devices 15 via any desired communication lines or netWorks 
(including Wireless or handheld device networks) to com 
municate With and, in some instances, recon?gure or per 
form other maintenance activities on the devices 15. Simi 
larly, maintenance applications such as the AMS application 
may be installed in and executed by one or more of the user 
interfaces 14A associated With the distributed process con 
trol system 14 to perform maintenance and monitoring 
functions, including data collection related to the operating 
status of the devices 16. 

[0024] The process plant 10 also includes various rotating 
equipment 20, such as turbines, motors, etc. Which are 
connected to a maintenance computer 22 via some perma 
nent or temporary communication link (such as a bus, a 
Wireless communication system or hand held devices Which 
are connected to the equipment 20 to take readings and are 
then removed). The maintenance computer 22 may store and 
execute knoWn monitoring and diagnostic applications 23, 
for example RBMWareTM sold by CSI Systems of Knoxville, 
Tenn. or other any other knoWn applications used to diag 
nose, monitor and optimiZe the operating state of the rotating 
equipment 20. Maintenance personnel usually use the appli 
cations 23 to maintain and oversee the performance of 
rotating equipment 20 in the plant 10, to determine problems 
With the rotating equipment 20 and to determine When and 
if the rotating equipment 20 must be repaired or replaced. 

[0025] Similarly, a poWer generation and distribution sys 
tem 24 having poWer generating and distribution equipment 
25 associated With the plant 10 is connected via, for 
example, a bus, to another computer 26 Which runs and 
oversees the operation of the poWer generating and distri 
bution equipment 25 Within the plant 10. The computer 26 
may execute knoWn poWer control and diagnostics applica 
tions 27 such as those provided by, for example, Liebert and 
ASCO or other companies to control and maintain the poWer 
generation and distribution equipment 25. 

[0026] A computer system 30 is provided Which is com 
municatively connected to the computers or interfaces asso 
ciated With the various functional systems Within the plant 
10, including the process control functions 12 and 14, the 
maintenance functions such as those implemented in the 
computers 18, 14A, 22 and 26 and the business functions. In 
particular, the computer system 30 is communicatively 
connected to the traditional process control system 12 and to 
the maintenance interface 18 associated With that control 
system, is connected to the process control and/or mainte 
nance interfaces 14A of the distributed process control 
system 14, is connected to the rotating equipment mainte 
nance computer 22 and to the poWer generation and distri 
bution computer 26, all via a bus 32. The bus 32 may use any 
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desired or appropriate local area netWork (LAN) or Wide 
area netWork (WAN) protocol to provide communications. 

[0027] As illustrated in FIG. 1, the computer 30 is also 
connected via the same or a different netWork bus 32 to 
business system computers and maintenance planning com 
puters 35 and 36, Which may execute, for example, enter 
prise resource planning (ERP), material resource planning 
(MRP), computer maintenance management systems 
(CMMS), accounting, production and customer ordering 
systems, maintenance planning systems or any other desired 
business applications such as parts, supplies and raW mate 
rials ordering applications, production scheduling applica 
tions, etc. The computer 30 may also be connected via, for 
example, the bus 32, to a plantWide LAN 37, a corporate 
WAN 38 as Well as to a computer system 40 that enables 
remote monitoring of or communication With the plant 10 
from remote locations. 

[0028] In one embodiment, the communications over the 
bus 32 occur using the XML/XSL protocol. Here, data from 
each of the computers 12A, 18, 14A, 22, 26, 35, 36, etc. is 
Wrapped in an XML/XSL Wrapper and is sent to an XML/ 
XSL data server Which may be located in, for example, the 
computer 30. Because XML/XSL is a descriptive language, 
the server can process any type of data. At the server, if 
necessary, the data is encapsulated With a neW XML/XSL 
Wrapper, i.e., this data is mapped from one XML/XSL 
schema to one or more other XML/XSL schemas Which are 

created for each of the receiving applications. Thus, each 
data originator can Wrap its data using a schema understood 
or convenient for that device or application, and each 
receiving application can receive the data in a different 
schema used for or understood by the receiving application. 
The server is con?gured to map one schema to another 
schema depending on the source and destination(s) of the 
data. If desired, the server may also perform certain data 
processing functions or other functions based on the receipt 
of data. The mapping and processing function rules are set 
up and stored in the server prior to operation of the system 
described herein. In this manner, data may be sent from any 
one application to one or more other applications. 

[0029] Generally speaking, the computer 30 stores and 
executes an asset utiliZation expert 50 that collects data and 
other information generated by the process control systems 
12 and 14, the maintenance systems 18, 22 and 26 and the 
business systems 35 and 36 as Well as information generated 
by data analysis tools executed in each of these systems. The 
asset utiliZation expert 50 may be based on, for example, the 
OZ expert system currently provided by NEXUS. HoWever, 
the asset utiliZation expert 50 may be any other desired type 
of expert system including, for example, any type of data 
mining system. lmportantly, the asset utiliZation expert 50 
operates as a data and information clearinghouse in the 
process plant 10 and is able to coordinate the distribution of 
data or information from one functional area, such as the 
maintenance area, to other functional areas, such as the 
process control or the business functional areas. The asset 
utiliZation expert 50 may also use the collected data to 
generate neW information or data Which can be distributed to 
one or more of the computer systems associated With the 
different functions Within the plant 10. Still further, the asset 
utiliZation expert 50 may execute or oversee the execution of 
other applications that use the collected data to generate neW 
types of data to be used Within the process plant 10. 



US 2007/0067142 A1 

[0030] In particular, the asset utilization expert 50 may 
include or execute index generation software 51 that creates 
indices associated With devices, like process control and 
instrumentation devices, poWer generation devices, rotating 
equipment, units, areas, etc, or that are associated With 
process control entities, like loops, etc. Within the plant 10. 
The asset utilization expert 50 may further include or 
execute an index aggregation routine 60. The index aggre 
gation routine 60 utilizes indices generated by the index 
generation routine 51 or other index generation routines to 
create indices associated With various levels Within a process 
control system, or more generally an asset utilization sys 
tem, Which may include one or more process control sys 
tems. The index aggregation routine 60 further includes a 
Weighting value When creating an aggregate index associ 
ated With a process, unit, area, The index aggregation routine 
60 may be provided as a separate routine or as part of the 
index generation routine 50. 

[0031] The indices generated by the index generation 
routine 51 and/ or the index aggregation routine 60 can then 
be provided to the process control applications to help 
optimize process control and can be provided to the business 
software or business applications to provide the business 
persons more complete or understandable information asso 
ciated With the operation of the plant 10. The asset utilization 
expert 50 can also provide maintenance data (such as device 
status information) and business data (such as data associ 
ated With scheduled orders, timeframes, etc.) to a control 
expert 52 associated With, for example, the process control 
system 14 to help an operator perform control activities such 
as optimizing control. The control expert 52 may be located 
in, for example, the user interface 14A or any other computer 
associated With the control system 14 or Within the computer 
30 if desired. In one embodiment, the control expert 52 may 
be, for example, the control expert described in Us. patent 
application Ser. Nos. 09/256,585 and 09/499,445 identi?ed 
above. 

[0032] Additionally, the asset utilization expert 50 can 
send information to one or more optimizers 55 Within the 
plant 10. For example, a control optimizer 55 can be located 
in the computer 14A and can run one or more control 

optimization routines 55A, 55B, etc. Additionally or alter 
natively, optimizer routines 55 could be stored in and 
executed by the computer 30 or any other computer, and the 
data necessary therefore could be sent by the asset utilization 
expert 50. If desired, the plant 10 may also include models 
56 that model certain aspects of the plant 10 and these 
models 56 can be executed by the asset utilization expert 50 
or a control or other expert such as the control expert 52 to 
perform modeling functions, the purpose of Which is 
described in greater detail in Us. patent application Ser. No. 
l0/085,439 entitled “Creation and Display of Indices in a 
Process Plant,” Which Was ?led on Feb. 28, 2002, Which is 
expressly incorporated by reference herein. Generally 
speaking, hoWever, the models 56 can be used to determine 
device, area, unit, loop, etc. parameters, to detect faulty 
sensors or other faulty equipment, as part of optimizer 
routines 55, to generate indices such as performance and 
utilization indices for use in the plant 10, to perform 
performance or condition monitoring, as Well as for many 
other uses. The models 56 may be models such as those 
created by and sold by MDC Technology located in Teeside, 
England or may be any other desired types of models. Some 
of the data generated by the models 56 may be used by the 
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index generation routine 51 to generate indices Which are 
used in other applications, such as business and process 
control applications. 

[0033] The asset utilization expert 50 receives data as it is 
generated or at certain periodic times over, for example, the 
bus 32 or other any communication netWork Within the 
process plant 10. Thereafter, periodically or as needed, the 
asset utilization expert 50 redistributes the data to other 
applications or uses that data to generate and provide other 
information useful in different aspects of the control or 
operation of the process plant 10 to other function systems 
Within the plant 10. In particular, the asset utilization expert 
50 may supply data to cause the index generation routine 51 
to create a series of composite indices such as a performance 
index, a utilization index, a health index and a variability 
index associated With one or more of the devices, units, 
loops, areas, or other entities Within the process plant 10. 
The generation and use of these indices Will also be dis 
cussed in more detail herein. 

[0034] As a result of the above discussion, it can be seen 
that the use of models provides many neW types of data or 
information for the business applications, process control 
applications and asset maintenance and monitoring applica 
tions. In particular, the models can be used to perform 
performance monitoring and to produce a performance 
index Which indicates the relative performance of a device, 
unit, area, etc. Within a plant. This performance index may 
be a measure of the performance of an entity With respect to 
the possible performance of that entity. Furthermore, While 
device and unit models have been discussed above, similar 
models could be made and executed for process control 
entities, such as loops, units, etc. to provide performance 
measures and optimization criteria for these types of entities 
as Well. Also, as indicated above, models may, in some 
cases, be used to measure or indicate the health of certain 
devices or other entities and to provide a health index 
indicative of these entities. For example, the error measure 
ments of certain input and output sensors as determined by 
the regression analysis used on certain models may be used 
as or converted into an indication of the health of those 
devices. Also, other information not otherWise available to 
the process controller, such as model parameters and virtual 
sensor measurements based on the models could be provided 
to the process controllers or to the business persons for use 
in numerous manners. 

[0035] Besides performance and health indices, the asset 
utilization expert 50 can assist the index generation routine 
51 in creating other types of indices such as a utilization 
index and a variability index. A variability index indicates 
hoW much some signal into or out of, or some other 
parameter associated With a device, loop, unit, etc. varies as 
compared to hoW much this signal or parameter is expected 
to vary. The data needed to create this variability index may 
be collected by the asset utilization expert 50 and provided 
to the index generation routine 51 at any desired or conve 
nient times. Of course, the normal amount of variation of a 
signal or parameter may be set by a manufacturer, engineer, 
operator or maintenance person familiar With the entity or 
may be based on a statistical measure (such as an average, 
standard deviation, etc.) associated With that or other similar 
entities Within the plant and this normal or expected varia 
tion may be stored by or updated Within the index generation 
routine 51 or the index aggregation routine 60. 
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[0036] The utilization index, in one form or another, tracks 
or re?ects the utilization of individual devices, units, loops, 
or other entities and may provide some indication as to 
Whether these entities are being over utiliZed or under 
utiliZed based on previously determined bench marks or 
operational goals. A utiliZation index can be generated based 
on measured uses of the actual device. For example, a device 
may be measured as to hoW often it is being used Within a 
process or is being left idle and this index may be compared 
to a desired utiliZation for that entity to determine if the 
entity is being over or under utiliZed. The utiliZation index 
might identify devices, units, loops, etc. Which are not being 
utiliZed as often as they could be or should be or, on the other 
hand, Which are being utiliZed too much and, thus, are being 
over used. In some instances, a utiliZation index might be 
determined based on the business decisions made regarding 
the appropriate or desired use of a particular device. 

[0037] Referring noW to FIG. 2, a data How diagram 
illustrating some of the data How betWeen an index aggre 
gation routine 60 and other data tools or data sources Within 
the process plant 10 is provided. In one embodiment, an 
index aggregation routine 60 receives information from 
information sources Which may run various routines and 
applications for providing status information regarding 
devices, loops, units, areas, etc. Within a process plant. The 
index aggregation routine 60 may be incorporated With a 
central data collecting, sharing and distribution application, 
such as the asset utiliZation expert 50 described above Which 
receives much of the status information from the various 
data tools and data sources, or provided as a separate 
application. The index aggregation routine 60 may be cen 
trally located at a particular server, Which may be maintained 
locally at the plant 10 or remotely from the plant 10. 
Alternatively, the index aggregation routine 60 may be 
distributed among several computers such as business sys 
tem computers 35, maintenance computers 18, 22, mainte 
nance planning computers 36. Furthermore, the index aggre 
gation routine 60 may be a netWork application available 
over the Internet and/ or the plantWide LAN 37 and available 
to various personnel through user interfaces 12A, 14A, 58. 

[0038] As mentioned above, the index aggregation routine 
60 receives information from various data sources, Which 
may include data collectors, data generators or data tools 
including index generation routines 51, model generation 
routines 56, control routines 62, maintenance system appli 
cations 64, data historians 66, diagnostic routines 68, etc. In 
one embodiment, the index aggregation routine 60 may 
receive information from the asset utiliZation expert 50 
described above, and Which is described further in Us. 
patent application Ser. No. l0/085,439 referred to above. 
This information may include indices related to the health, 
performance, utiliZation and variability of a particular 
device, loop, unit, area, etc. This data can take on any 
desired form based on hoW the data is generated or used by 
other functional systems. Still further, this data may be sent 
to the index aggregation routine 60 using any desired or 
appropriate data communication protocol and communica 
tion hardWare, such as the XML/XSL protocol discussed 
above. 

[0039] Information received from the index generation 
routines 51, model generation routines 56, control routines 
62, maintenance system applications 64, data historians 66, 
diagnostic routines 68, etc. may be used to create and assign 
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a Weighting value to each of the devices Within a logical 
and/or physical group of device. For example, each device 
Within a logical process (e.g., control loop), sub-unit, unit, 
area or plant may be assigned a Weighting value. Further, 
Weighting values may be created and assigned to logical 
and/or physical groups including a logical process, a sub 
unit, an area or a plant. 

[0040] The Weighting value generally relate to the impor 
tance or priority of a device, loop, sub-unit, etc. among the 
corresponding devices, loops, sub-units, etc. Within the same 
physical and/or logical grouping. In other Words, each asset 
Within a group is ranked according to system criticality, 
operational criticality, asset criticality, etc. based upon an 
assessment of each asset Within the group, and a Weighing 
value is assigned to each asset based upon its importance. 
For example, Within a sub-unit that includes a plurality of 
devices and/or loops, a particular piece of rotating equip 
ment 20 may be considered more critical to the operation of 
the overall sub-unit than a ?eld device 16. If both the 
rotating equipment 20 and the ?eld device 16 require 
maintenance, the rotating equipment 20 may receive priority 
over the ?eld device 16 in terms of resources allocated to 
maintenance. As a result, the rotating equipment 20 is 
assigned a Weighting value greater than the Weighting value 
assigned to the ?eld device 16. Similarly, among the sub 
units and/or units Within an area, a particular sub-unit may 
be considered more important to the area than another 
sub-unit, and is Weighted accordingly. It should be recog 
niZed that areas Within a plant may be Weighted according to 
importance, and plants Within a business enterprise may 
likeWise be Weighted. It should further be recogniZed that 
assets Within a grouping need not be limited to an immedi 
ately preceding level. For example, Weighting values may be 
assigned to each device, loop, sub-unit and/ or unit Within an 
area, rather than just each unit Within an area. Likewise, 
Weighting values may be assigned to each device, loop, 
sub-unit, unit and/or area in a plant. A user may de?ne the 
groupings in a manner most helpful to the user, and Weight 
ing values may be assigned accordingly. As a result, each 
device, loop, sub-unit, unit, area, plant, etc. may be Weighted 
according to its importance Within a particular grouping, 
such that each asset Within a given group is assigned a 
Weighting value. 

[0041] Generally, the importance of a device, loop, sub 
unit, unit, area, etc., and its corresponding Weighting value, 
is based on tWo contributing factors: the impact on the group 
When the asset fails and the frequency of failure. For 
example, a device that has little impact on an area When it 
fails may be Weighted loWer than a device that has a high 
impact on an area during failure. Likewise, a device that has 
a loW frequency of failure may be Weighted loWer than a 
device With a high frequency of failure. The impact and the 
frequency of failure may be quanti?ed, With the product of 
the impact and frequency of failure resulting in the Weight 
ing value. The evaluation of impact and frequency of failure 
may be based on a variety of factors, including, but not 
limited to, process information, on-line monitoring informa 
tion, historical information, maintenance information, diag 
nostic information, and heuristic information based on expe 
rience of process plant personnel. 

[0042] The index aggregation routine 60 may acquire 
Weighting values related to each device, loop, sub-unit, unit, 
area, plant, etc. Within a group by receiving each Weighting 
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value from another source or by creating each Weighting 
value based on information from a variety of sources. For 
example, the index aggregation routine 60 may receive data 
relating to the impact and frequency of failure of each 
device, loop, sub-unit, unit, area, plant, etc. Within a group 
and create each Weighting value based on the impact and 
frequency of failure, (e.g., the product of the impact and 
frequency of failure). 

[0043] In yet another example, the index aggregation 
routine 60 may receive information relating to each device, 
loop, sub-unit, unit, area, plant, etc Within a group to 
evaluate the impact and frequency of failure of each asset 
Within the group, and to further create a Weighting value for 
each asset Within the group. The information may include 
process information, on-line monitoring information, his 
torical information, maintenance information, diagnostic 
information, and heuristic information as described above. 
Accordingly, the index aggregation routine 60 is communi 
catively coupled to model generation routines 56, control 
routines 62, maintenance system applications 64, data his 
torians 66, diagnostic routines 68, or other data sources as 
shoWn in FIG. 2. Each of the various types of information 
may be used to evaluate the impact and/or frequency of 
failure of an asset Within a group of assets. For example, 
historical information, diagnostic information and mainte 
nance information may provide information regarding pre 
vious failures of a device, While historical information, 
process information, on-line monitoring information and 
heuristic information may provide information on the impact 
of past failures on the group or the predicted impact of a 
failure on the group. Of course, it should be recogniZed that 
the Weighting values may be created in a similar manner 
using other routines or systems Within the process plant, 
including the asset utiliZation expert 50 or the index gen 
eration routine 51, or created outside the process plant. 

[0044] In addition to acquiring Weighting values pertain 
ing to each device, loop, sub-unit, unit, area, plant, etc Within 
a group, the index aggregation routine 60 acquires indices 
pertaining to the status of each device, loop, sub-unit, unit, 
area, plant, etc Within the group. The indices may be 
acquired from the index generation routine 51, and each 
index may include a health index, a utiliZation index, a 
performance index or a variability index as described above. 
Examples of each index and its creation are described 
further beloW and described further in Us. patent applica 
tion Ser. No. 10/085,439 referred to above. HoWever, it 
should be understood that various other indices may be used 
by the index aggregation routine 60 to determine an aggre 
gate index for a group. 

[0045] Accordingly, Weighting values may be acquired by 
receiving the Weighting values, by receiving impact and 
frequency of failure information to create the Weighting 
values or by receiving information from the model genera 
tion routines 56, control routines 62, maintenance system 
applications 64, data historians 66, diagnostic routines 68, 
etc. to evaluate the impact and frequency of failure and 
create a Weighting value for each of the devices, loops, 
sub-unit, units, areas and/or plants, etc. Within a logical 
and/or physical group. Further, indices pertaining to each 
devices, loops, sub-unit, units, areas and/or plants, etc. 
Within the logical and/ or physical group may be acquired by 
the index aggregation routine 60. Using the Weighting 
values and indices, the index aggregation routine 60 may 
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create an aggregate index pertaining to the overall status of 
the group, such as an aggregate health index, an aggregate 
utiliZation index, an aggregate performance index or an 
aggregate variability index. The index aggregation routine 
60 may calculate the aggregate index as a Weighted average 
according to the folloWing general equation: 

” (1) 

[0046] Wherein: 

[0047] u=the aggregate index of the group 

[0048] n=the number of assets Within the group 

[0049] hi=the index for the ith asset 

[0050] Wi=the Weight of the ith asset 

[0051] As seen by the above equation, the aggregate index 
for a group is created as a normaliZed expression in Which 
the range of the aggregate index is Within the range of the 
indices used to create the aggregate index. This alloWs the 
above expression to be used With various index ranges, and 
alloWs the aggregate index to be used With various asset 
groups having assets of differing importance. In particular, 
the index value for each asset Within the group is Within a 
common range of index values and the Weighting value for 
each asset Within the group Within a common range of 
Weighting values. As a result, the aggregate index for the 
group Will be Within the same range and the range used for 
the indices of the assets Within the group. For example, the 
value for ui may be a number from 0 to 100, Where “0” 
corresponds to knoWn use index that is loW (e.g., poor 
health, poor performance, loW utiliZation, high variability, 
etc.) and “100” corresponds to a high index (e.g., excellent 
health, excellent performance, high utiliZation, loW variabil 
ity, etc.). Accordingly, the aggregate index u is provided as 
a number from 0 to 100, Which corresponds to the range of 
indices used by the assets Within the group. Further, Wi may 
be a number from 0 to 100, Where “0” corresponds to a 
knoWn, yet loW, importance and “100” corresponds to a high 
importance. 
[0052] Although the above example shoWs ui and Wi 
having the same range of values, the range of values for the 
indices may be different from the range used for the Weight 
ing values. In some instances, an index and/or a Weighting 
value may not be knoWn or otherWise available for a 
particular asset Within the group, in Which case it is difficult 
to make assumptions about a particular asset’s index and/or 
importance. As such, the value for ui and/or Wi is set to null 
to avoid skeWing the resulting aggregate index. In a scenario 
Where all Weighting values are Zero, the aggregate index 
defaults to Zero to avoid division by Zero. The above ranges 
are provided as examples only, and different ranges may be 
used consistent With the above parameters. 

[0053] In operation, the index aggregation routine 60 
acquires indices pertaining to the status of each asset Within 
a group and acquires Weighting values pertaining to the 
importance (e.g., criticality, priority) of each asset Within a 
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particular group to create an aggregate index pertaining to 
the overall group. For example, an area may include several 
devices, loops, sub-units and units. By acquiring the health 
index values and Weighting values for each device Within the 
area, the overall health of the area may be determined. 
Alternatively, the aggregate health index of the area may be 
calculated based on the loops, sub-units or units Within the 
area, or based on a combination of devices, loops, sub-units 
and units Within the area. In turn, the index aggregation 
routine 60 may calculate the health index of each area Within 
a plant, or receive the area health indices from the index 
generation routine 51, acquire a Weighting value for each 
area Within the plant and generate an aggregate health index 
corresponding to the overall health of the plant. Similar 
aggregate indices may be determined for loops, sub-units, 
units, business enterprises or at any other level of hierarchy. 

[0054] In general, each of the indices generated by the 
index generator routine 51 may be calculated for individual 
devices, for logical and/ or physical groupings of devices, for 
logical processes (e.g., control loops), for logical groupings 
of devices such as units and areas, plant, etc. On the other 
hand, each of the indices generated by the index aggregation 
routine 60 may be calculated based on indices provided by 
the index generation routine 51, based on indices previously 
determined by the index aggregation routine 60, or other 
sources of indices, and further based on Weighting values 
associated With each of the devices, logical and/or physical 
groupings of devices, logical processes, units, areas, plant, 
etc. to calculate aggregate indices for logical and/or physical 
groupings of devices, for logical processes (e.g., control 
loops), for logical groupings of devices such as units and 
areas, plant, etc. In other Words, the indices may, in princi 
pal, be calculated at each level of the equipment and logical 
hierarchy of a process control system or, more generally, an 
asset utiliZation system, Which may include one or more 
process control systems. HoWever, the meaning of a par 
ticular index may depend on the context (i.e., Whether the 
index corresponds to a logical or a physical grouping of 
devices and/or parameters) in Which the index is generated 
and displayed and may depend on the level of the hierarchy 
at Which it is displayed. For example, at the loWest level of 
the equipment hierarchy, indices correspond to physical 
devices such as valves, temperature sensors, actuators, etc. 
Thus, each device may have a unique set of indices that may 
be generated Within the device or for the device based on 
information stored Within the device at the time the device 
is manufactured. Accordingly, each device may generate and 
provide its indices to higher levels of the hierarchy and to the 
asset utiliZation expert 50 as needed. 

[0055] Similarly, units or loops, each of Which is com 
posed of one or more devices or function blocks may each 
have a unique set of indices. HoWever, the index values for 
each unit or loop may be generated by mathematically 
combining the index values for the individual devices or 
function blocks used Within the unit or loop. Thus, if a unit 
or loop is composed of a pressure transmitter, a valve and a 
pump (or function blocks associated With the operation of 
these devices), the index values for the unit or loop may be 
based on various mathematical combinations of the index 
values generated for or by each of those devices or function 
blocks making up the unit or the loop. Likewise, because 
sub-unit and unit levels of the hierarchy are composed of one 
or more loops Which, in turn, are composed of devices, the 
index values for each sub-unit and unit may be generated by 
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mathematically combining loop or device index values. Still 
further, area indices may be determined as combinations of 
the units, loops, devices, etc. Within the area. 

[0056] Also, generally speaking, the one or more user 
interface routines 58 can be stored in and executed by one 
or more of the computers Within the plant 10. For example, 
the computer 30, the user interface 14A, the business system 
computer 35 or any other computer may run a user interface 
routine 58. Each user interface routine 58 can receive or 
subscribe to information from the asset optimiZation expert 
50, including the index generation routine 51 and either the 
same or different sets of data may be sent to each of the user 
interface routines 58. Any one of the user interface routines 
58 can provide different types of information using different 
screens to different users. For example, one of the user 
interface routines 58 may provide a screen or set of screens 
to a control operator or to a business person to enable that 
person to set constraints or to choose optimiZation variables 
for use in a standard control routine or in a control optimizer 
routine. The user interface routine 58 may provide a control 
guidance tool that enables a user to vieW the indices created 
by the index generation softWare 51 in some coordinated 
manner. This operator guidance tool may also enable the 
operator or any other person to obtain information about the 
states of devices, control loops, units, etc. and to easily see 
the information related to the problems With these entities, 
as that information has been detected by other softWare 
Within the process plant 10. The user interface routine 58 
may also provide performance monitoring screens using 
performance monitoring data provided by or generated by 
the tools 23 and 27, the maintenance programs such as the 
AMS application or any other maintenance programs. Of 
course, the user interface routine 58 may provide any user 
access to and enable the user to change preferences or other 
variables used in many or all functional areas of the plant 10. 

[0057] One important aspect of the system of FIG. 1 is the 
user interface routines 58 Which provide a graphical user 
interface (GUI) that is integrated With the asset utiliZation 
expert 50 described herein to facilitate a user’s interaction 
With the various asset utiliZation capabilities provided by the 
asset utiliZation expert 50. HoWever, before discussing the 
GUI in greater detail, it should be recogniZed that the GUI 
may include one or more softWare routines that are imple 
mented using any suitable programming languages and 
techniques. Further, the softWare routines making up the 
GUI may be stored and processed Within a single processing 
station or unit, such as, for example, a Workstation, a 
controller, etc. Within the plant 10 or, alternatively, the 
softWare routines of the GUI may be stored and executed in 
a distributed manner using a plurality of processing units 
that are communicatively coupled to each other Within the 
asset utiliZation system. 

[0058] Preferably, but not necessarily, the GUI may be 
implemented using a familiar graphical WindoWs-based 
structure and appearance, in Which a plurality of interlinked 
graphical vieWs or pages include one or more pull-doWn 
menus that enable a user to navigate through the pages in a 
desired manner to vieW and/or retrieve a particular type of 
information. The features and/or capabilities of the asset 
utilization expert 50 described above may be represented, 
accessed, invoked, etc. through one or more corresponding 
pages, vieWs or displays of the GUI. Furthermore, the 
various displays making up the GUI may be interlinked in a 
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logical manner to facilitate a user’s quick and intuitive 
navigation through the displays to retrieve a particular type 
of information or to access and/or invoke a particular 
capability of the asset utiliZation expert 50. 

[0059] Generally speaking, the GUI described herein pro 
vides intuitive graphical depictions or displays of process 
control areas, units, loops, devices, etc. Each of these 
graphical displays may include numerical status and indices 
(some or all of Which may be generated by the index 
generator routine 51 and the index aggregation routine 60 
described above) that are associated With a particular vieW 
being displayed by the GUI. For example, a display depict 
ing a process control area may provide a set of indices 
re?ecting the status and performance of that area (i.e., a 
particular portion of the process control system at a particu 
lar level of the equipment hierarchy). On the other hand, a 
display depicting a loop may provide a set of status and 
performance indices associated With that particular loop. In 
any event, a user may use the indices shoWn Within any 
vieW, page or display to quickly assess Whether a problem 
exists Within any of the devices, loops, etc. depicted Within 
that display. 

[0060] Additionally, the GUI described herein may auto 
matically, or may in response to a request by a user, provide 
maintenance information to the user. The maintenance infor 
mation may be provided by any portion of the asset utili 
Zation expert 50. Similarly, the GUI may display alarm 
information, process control information, etc., Which may 
also be provided by the asset utiliZation expert 50. Still 
further, the GUI may provide messages to the user in 
connection With a problem that has occurred or Which may 
be about to occur Within the plant 10. These messages may 
include graphical and/or textual information that describes 
the problem, suggests possible changes to the system Which 
may be implemented to alleviate a current problem or Which 
may be implemented to avoid a potential problem, describes 
courses of action that may be pursued to correct or to avoid 
a problem, etc. 

[0061] Generally speaking, the GUI described herein pro 
vides intuitive graphical depictions or displays of process 
control areas, units, loops, devices, etc. Each of these 
graphical displays may include numerical status and perfor 
mance indices (some or all of Which may be generated by the 
index generator routine 51 described above) that are asso 
ciated With a particular vieW being displayed by the GUI. 
For example, a display depicting a process control area may 
provide a set of indices re?ecting the status and performance 
of that area (i.e., a particular portion of the process control 
system at a particular level of the equipment hierarchy). On 
the other hand, a display depicting a loop may provide a set 
of status and performance indices associated With that 
particular loop. In any event, a user may use the indices 
shoWn Within-any vieW, page or display to quickly assess 
Whether a problem exists Within any of the devices, loops, 
etc. depicted Within that display. 

[0062] Additionally, the GUI described herein may auto 
matically, or may in response to a request by a user, provide 
maintenance information to the user. The maintenance infor 
mation may be provided by any portion of the asset utili 
Zation expert 50. Similarly, the GUI may display alarm 
information, process control information, etc., Which may 
also be provided by the asset utiliZation expert 50. Still 
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further, the GUI may provide messages to the user in 
connection With a problem that has occurred or Which may 
be about to occur Within the plant 10. These messages may 
include graphical and/or textual information that describes 
the problem, suggests possible changes to the system Which 
may be implemented to alleviate a current problem or Which 
may be implemented to avoid a potential problem, describes 
courses of action that may be pursued to correct or to avoid 
a problem, etc. 

[0063] FIG. 3 is an exemplary depiction of a display 
representing a unit 100 Within a process control system that 
may be displayed by the GUI. As illustrated in FIG. 3, the 
unit 100 includes a plurality of devices such as, for example, 
valves, pumps, temperature transmitters, etc., all of Which 
may be depicted graphically as shoWn. Additionally, the 
display may further include lines arroWs, and any other 
indicia to represent logical and physical interconnections 
betWeen the various devices. Of course, such graphical 
representations of process control systems (or portions of 
process control systems) are Well knoWn in the art and, thus, 
the manner of implementing these graphical representations 
or displays Will not be described in further detail herein. 

[0064] Importantly, the GUI display shoWn in FIG. 3 also 
includes a plurality of index names and values 150. In 
particular, the index names and values 150 include a per 
formance index, a health index, a variability index and a 
utiliZation index, all of Which have been discussed brie?y 
above in connection With the asset utilization expert 50, the 
index generation routine 51 and the index aggregation 
routine 60. The index names and values 150 may be dis 
played in a tabular format as shoWn or in any other desired 
format. The index names and values 150 are representative 
of the performance and status of the entire unit 100 and, 
thus, the index values shoWn are preferably, but not neces 
sarily, composed of the index values associated With each of 
the sub-units and/or devices that make up the unit 100. 

[0065] Indices generated by the index generation routine 
51 and the index aggregation routine 60, including, but not 
limited to a performance index, a health index, a variability 
index and a utiliZation index, may be displayed by the GUI 
as described in detail herein in connection With the various 
displays of the GUI, additional and/or different indices may 
be generated by the asset utiliZation expert 50 and displayed 
via the GUI Without departing from the scope of the inven 
tion. 

[0066] As discussed in greater detail above, the math 
ematical combination of device index values to form index 
values for loop, sub-unit, unit and area levels of the hierar 
chy may use Weighted summations or averages, or any other 
suitable mathematical combination. Of course, the calcula 
tion of one or more of the performance, health, variability 
and utiliZation indices may not be appropriate, required or 
useful for every level of the logical and equipment hierar 
chies. FIG. 4 is an exemplary table that illustrates one 
manner in Which the performance index (PI), the health 
index (HI), the variability index (VI) and the utiliZation 
index (UI) may or may not be generated for the device, loop, 
sub unit and unit levels of the system hierarchy. As shoWn 
in FIG. 4, the PI may be generated for the unit and sub unit 
levels. At the unit and sub unit levels, the PI may be 
calculated by comparing a model (such as one of the models 
56) of the unit or sub unit to the actual performance of the 
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unit or sub unit or in any other desired manner. In particular, 
the PI in this context (i.e., at the unit and sub unit levels of 
the hierarchy) may be, for example, an ef?ciency With 
respect to a theoretical maximum or, alternatively, With 
respect to an empirically derived maximum ef?ciency based 
on actual system performance. The table shoWn in FIG. 4 
also indicates that the PI need not be calculated for indi 
vidual devices or loops. HoWever, in some applications it 
may be desirable to calculate a PI for loops and devices. For 
example, in the case of calculating a PI for a device, the 
device manufacturer may store performance information 
Within the device so that during operation the device may 
calculate a PI based on a comparison of an actual perfor 
mance characteristic (such as, for example, an operating 
ef?ciency) to stored performance information, Which may 
include a theoretical maximum device ef?ciency. Of course, 
the index generation routine 51 or index aggregation routine 
60 may also perform this function. In the case of calculating 
a PI for a loop, the system may, for example, compare the 
maximum or average loop error (i.e., the steady state error 
signal) to some predetermined minimum error value Which, 
ideally, may be Zero. In this manner, a small loop error may 
correspond to a PI value that is indicative of good perfor 
mance. 

[0067] FIG. 4 also illustrates that the VI may be calculated 
at the loop and device levels of the hierarchy. At the device 
level, the VI may be calculated by comparing the changes or 
deviations in a device output to an expected or desired 
amount of change or variation. An excessively high or an 
excessively loW VI value may be indicative of a device 
failure or malfunction or possibly an imminent failure or 

malfunction. Likewise, at the loop level, excessively fre 
quent or large magnitude changes in the output of a loop 
may be indicative of a problem. In any case, the VI for loops 
and devices may be based on a comparison of actual 
parameter variability to expected parameter variability, 
Which may be determined theoretically or empirically. 
Although FIG. 4 shoWs that the VI may not be calculated for 
the unit and sub unit levels, in some applications, it may 
nevertheless be desirable to generate a VI for these levels. 

[0068] Further, FIG. 4 shoWs that the HI is calculated for 
the device, loop, sub unit and unit levels. The HI for a device 
may be based on historical usage of the device. In particular, 
the device manufacturer may store information relating to 
the life cycle of the device Within the device and, based on 
the usage of the device and the environmental impacts 
imparted to the device during its operation (e.g., temperature 
variations, shocks, etc.), the device may determine to What 
extent the device has moved along its life cycle curve (i.e., 
aged). The manufacturer may program a device to provide 
an HI value Which is indicative of the current status of the 
life cycle of the device. For example, a stroke type valve 
may have an expected useful operating life cycle of 250,000 
full stroke cycles and the manufacturer of the stroke valve 
device, Which is typically a smart ?eld device, has stored in 
its memory the expected number of lifetime operating 
strokes along With the current number strokes that the valve 
has completed. Thus, in the case Where an HI value may 
range from betWeen Zero and ten (Where Zero represents 
poor health and ten represents perfect health), the HI value 
generated by the valve may range from Zero to ten as the 
number of strokes rises from Zero to 250,000. Of course, the 
precise relationship betWeen the HI values and the life cycle 
characteristic (e.g., strokes) may not be linear. To the con 
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trary, many life cycle characteristics folloW an exponential 
or polynomial characteristic, Whereby failure and degrada 
tion in device performance/operation progresses more rap 
idly as time passes, as strokes are completed, etc. Of course, 
there are many other manners of de?ning or computing an 
HI for a device, based on the current detected state of the 
device and hoW Well it is operating. For example, if the 
device has tWo detected minor problems, its HI may 
decrease. 

[0069] The HI for a loop, on the other hand, is preferably, 
but not necessarily, a mathematical combination (such as, 
for example, a Weighted summation or average) of the HI 
values for the individual devices or functions blocks that 
make up the loop. LikeWise, the HI values for the sub unit 
and unit levels may also be a mathematical combination of 
the underlying HI values for loops and sub units. Thus, 
ultimately, the HI values hierarchy for levels above the 
device level are based on one or more HI values for devices 
that have been formed into composite values. 

[0070] As is also shoWn in FIG. 4, the UI may be calcu 
lated for the loop, sub unit and unit levels, but may not 
necessarily be calculated for the device level. Generally 
speaking, the UI represents the degree to Which a particular 
asset (e.g., a loop, a sub unit or a unit) is being exploited in 
comparison to its capacity or desired utiliZation. For 
example, the UI value may be based on the amount of time 
for Which a unit, sub unit or loop is being used to perform 
control or produce outputs. Additionally or alternatively, the 
UI value may be based on the amount of material Which is 
being processed by the loop, sub unit and/or unit in com 
parison to the maximum amount that may be processed by 
that loop, sub unit, unit, etc. 
[0071] FIG. 5 is an exemplary chart depicting one manner 
in Which the PI for the unit 100 shoWn in FIG. 3 may be 
calculated. As shoWn in FIG. 5, each of a plurality of loops 
175 that make up the unit 100 has its oWn PI and Weighting 
coef?cient, Which may be user selected or de?ned based on 
the relative importance of that particular loop to the overall 
operation of the unit 100. The indices and Weights for the 
loops 175 may then be mathematically combined using the 
index aggregation routine 60 to arrive at a PI value of 81.8 
for unit 100. 

[0072] In a similar manner, the HI for the unit 100 may be 
calculated as a Weighted average of the HI values for all of 
the devices (and/ or loops) that make up the unit 100. A table 
such as that shoWn in FIG. 6 may be used to represent the 
values to be included in the Weighted average. As is also 
shoWn in FIG. 6, a textual description may be associated 
With particular devices and index values. These textual 
descriptions may provide diagnostic information, mainte 
nance information, etc. based on the HI value and the 
particular device associated With that HI value. 

[0073] FIG. 7 is an exemplary table that illustrates one 
manner in Which the VI may be calculated for a unit, such 
as the unit 500 shoWn in FIG. 3. As With the HI, the VI 
calculated for the unit 500 of FIG. 3 is based on a Weighted 
average of the VI values for the individual devices, loops 
and/or sub units that make up the unit 500. Of course, the 
GUI may provide a user With the ability to see the Weighted 
average data such as that illustrated in FIGS. 10-12 and may 
enable the user to change the Weights. 

[0074] FIG. 8 is an exemplary graphical display that may 
be provided by the GUI to enable a user to quickly analyZe 








